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(54) Title of the Invention: 

Apparatus and Method of Detecting Running Disparity Error 
Abstract: 

Provided are an apparatus and a method of detecting a running disparity (RD) 
detecting an error in a row of data received by a receiving unit in 8B/10B coding method to 
solve a problem that a sequential disparity generation method, which calculates disparity of 
5B/6B and calculates the disparity of 8B/10B by adding the disparity of 5B/6B to 3B/4B 
coding disparity of 4 bits data, cannot be applied to a very high speed system such as 
gigabit Ethernet. The method detects a row of data that violates 8B/10B disparity from 10 
bit data row using a clock of byte unit. That is, the number of 1 bits and 0 bits in 10 bit 
row is calculated, if the number of 1 bits is more than that of 0 bits, it means 'positive' 
status, if the number of 0 bits is more than that of 1 bits, it means 'negative' status, and if 
the number of 1 bits and the number of 0 bits are same, it means 'same' status. Previous 
RD value is calculated, and the previous RD value is compared to the number of T 
(RD6_ONE) in 6 bit row of present data row (RX_CDGR(n-hl)) and the number of T 
(RD4_ONE) in 4 bit row. Therefore, the disparity violation can be detected directly in the 
10 bit data row. Since the clock of byte unit is used, the method can be applied in the 
very high speed system such as the gigabit Ethernet. 
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(54) ei^ c^^^elEl 6\]e] ^# ^ uj-^ 



.Ai^ iHio]E^<go| oiie-]# =^ oj- cl^sfle^E] (rd; R 

f^sflsl 5B/6B si c^^iSflElEli: =p-^ ^ o] c^lii^Bi] el e) ^jzfa)- 



^ ^'^^ 8B/10B 3.^ %l<H^i 
unning Disparity) ^^1 ^ St!" ^.^i 

M-^H^l 4 H]B c-ilo]ElSl 3B/4B S^^^l c^is^elEl* d]«H 8B/10B cl>i3(|e|Eli. ^ej-fe *^>^?1 cliaflelE) ^ 

■gr aHS #^11- "^l-g-sM 10 His c)lolEl<gcHlAi aj^ 8B/10B 2l ^o]^<^^ IJ-^^ 

^l"?]-^!^. ^, -g- ^'^-a- 10 alS<S<^^i 'l'^ 'O'Sl HlS^t :^'a-«M, 'I'ol ^-f '5L^lEla.', 'O'ol ^-S- ^-f 



•i-1l7]-Elia', 'I'jzf -o'si ale^7i. -g-<a^V '^-a'S ^^'H ^lal^V^. ^''d djolEl^^ RD -^ja-l ^# «o'-^ 

^ ol^Sl RD ikSr Til^sl-al, 7}]^^ PRE_RD ^^flsl c)] o] Bl o] RX_CDGR(n+ l)Sl 6 ule<go) .^.o! 7ll=^^(R 
D6_0NE)S+ 4 HlHlsl •l'■S^ 7ll^(RD4_ONE)^ ^m-tt^ lit* u]j575>^ hJ-i^^ ^11^^o.^m), 10 h]H iHlolEl'S'^l^i 

^^^^^ 4\^d-^ ^ A>-g-el-H.^. 7l7l-HlH «>lcivjl4 ^o. jT^oj 
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£ 2 

:£ 1 ^ #efls] RD <^l5l ^# -a^^ffe 3^^. 

£ 3 ^ ^■^'^l^ial 8B/10B tio]Ta\<^2] rd ofle^l: ^#«rl-7l ^l-§-^ "^t iHloiBi-gcHl tflsH ^1^ cfloiE]^ 

?1 RX_CDGR(n)^ ^;«flsl cflolEl<go] RX_CDGR{n+l)fi1 "3^ El-olnjs] q-e).,^ 

:£ 4 £ 2 PRE_RD 7|-^Y(21)ofl><-i RX_CDGR(n)S^ ^o]^'^-i ol-g-*><H PRE.RDl: ?^l^S>fe 

3E.5fe£2SlRD<H]el ^^1-^(22)011^1 RD o\]^m ^%^}^ l-^-f 

20: RD oflel ^^1 
21: TOT_ONE 7l^^ 
22: H>olE l-^l-l. 
23: RD_ONE 7]^^ 
24: PRE_RD 7l^-^ 
25: RD <Hle.-l ^Af^ 

•t^2l 

HVrgol 7l# ^ :i ^ol:Ol ^eH7l# 

^'^^ 8B/10B si el^ c^>i3fl el El (Running Disparity; RD)sl RD oflel* ^#«]-^ iJ-^ofl ^^S, cl ^^-.^fl 
*1 ^^^l-^, 7l7>«lE oic-li-jj (Gigabit Ethernet) Al^ii^sl- ^©1 ^jl^s] ^el7l- ^^slfe Al^ejoj] ^^i\7^ci{^ 



i^^^Sl o;iolAl J:^* ^o]7] NRZ(Non Return to Zero) ^31:^.^1-^ 3.^=3^ ^31 -f- A]-^ 

ttcl-. dlolEl -f-Alol) 71-^ ^ol Al-^slfe- AlJ: «o»-'g^S.fe "ffl^fli^EKmanchester), 4B/5B. 3B/4B, IL^ 8B/10B 
-§-'>1 91^. 8B/10B a-gsl RD oflel *b1 Tfl^?] PCS 7]^^3] 7]^^s] sW-S-Ai, ^Efloflfe. 8 
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B/lOB s^^ofl 9X°]^^. 3.B.S] oil el* s^o:^n7] ^tb c^i3l|e^E^ ^# "y-^-^^ f^efl'Hl ^>-§-sl^ "i^^-a- "ti^l 53 
/6B Si c):ii3flelEll. ^, o1 clrt^ejEl «}-<g«Vo^ 3B/4B ^1 tq^hsflelEll- ^^^Al^jji o] j^^^^js]^ ^ 

A>*H 8B/10B Si cl^sfle)E)# ^s>^ A>^s]-oji:|. o] ;^ 6W1S^21 cflole^^ o]^t}c^ ^^'^]^ 5B/6B 

Si cjisHslEl ^u2|.fe cfAl 3B/4B S'a'Hl Sishol ^^3^ 4 alH^-Hl «>'g5l-:£^ 5l«H Sicf. 



<^1S1- ^^>^^] c^ihBflelEl ^/^S Hj-i^<Hl fil^l-ol 8B/10B S^S| -^e^l- ^#s>^ ^ 5B/6B ^ 3B/4B ^1^^; 

aflelEl ^^S^olMi ^AJ ^o]^s] ^£^4 2hH «]S ^^^s^ #^0) ^^slji, 8B/10B s) l:1^3^elE^ 
» ^^V«1-7l ^t}<^ cflolElfil ^taf ^<Q^ «>olB A^jgi:!-. nl-el-Ai ^^^^^ "J- 

°J-8: o]^^S.S., RD ofle^ ^# A] ofld ^»ol ^^v^, RD» 7il>a-«V7l «m ^ 

Si 27M Sejol A^^cf. 

S. 1^ ^2fls] 8B/10B S^oflAi 8B/10B iHl«>lEl^s1 RD ^# ^tJ"^* «4El-ifl^ i^ojcl-. £. 1 -H] ^aJ?!: ^Eflsl 
RD oflBl ^# 5B/6B si cl^i^alE)* ^fl- o| cli3^B)E] S}:"^*H 3B/4B ^ 

^Als-lai, o] c1i3^5|El# ^Al-sH 8B/10B Si cl^isflelEll- ^«>fe "fj-^olcl-. 

£ 1 oil £Al^ RD o)]a1 ^# yj-'^ol -S-a}^^ #3^-^.^, ^-ilsl^ cl]<^lEl<as1 ^A^cflS. RD» 7^lAl:s]-7l 'd^i 
-tlslfe 6 ujEcgo^ RD* 5B/6B cl^iBflelEl 71^-^(11)oHa-1 ;^lA]-s>al, ;^]a1-^ a1^(pdsp)» 3B/4B cl^jfllelEl 7] 

^-¥■(12)5. sa^^-cf. 

3B/4B ^^^^^\^ 7l^-^(12)fe 5B/6B t:]^^^^ 7l^:^(ll)S-^El <g^^ 'tlJ:(PDSP)Sf x^t^^] ^€^«>fe 4 «! 
Sl^l- ^^sl-o^ t:1>i3il)elE]# :^]Aj.g].ji 8B/10B S^s] RD ^91 a1s(nDSP)# ^^3A]^rf. oj^Tfl i^a^^ iq 
i3^1^^E]s^ Aijg^dsiDSP)^* SB/IOB S.^^ t^]o]^<^^] oflel7> ^^^Sl^^ll- sj-^^-sl-fe -tlS-^-^i, RD <Hle1 ^^>-¥-( 
13)0)1 <3^€i4. RD ofl&l ^A>^(i3)fe Ai^(NDSP)» -a^^**!- c-ll«>lBl^<>)| oflel7> ^>^SMfe^l» ^^tb^l-. 



£ 1 si f^Efl Hj-^oilA^^, 5B/6B cl^sflslEl 7l^-?-(ll)S!l- 3B/4B c^:i2))elE] 7]^-^(12)'Hlfe ^a] cH1o]e1(10 u)e 
<a)o1 ^Sa-cl- 2Mfl HlH l-e1(BITCLK)o1 -g-^SlJl RD «M1e1 ^A>^(i3)<^fe ^a] t-fl 

olEldo H1H^)S1 ^E.S!l- Ml-clS. «e^(BYTECLK)o1 ^^slJO. 9Xr^. o]s]. ^o], a>olE ^b^^ h) 

E ^ejo) ^^sl-fe- ol-a-fe 5B/6B si cli:2lle)El# ^tl- ^, ^'l C^:±:3l)e]El ^J^l- «V<^5H 3B/4B cl^^Hl 



^ficil, cjloiEisi ^ ^7HiA^ ciA-BflelEii- 5i|-e]-*i-7l «1:^ ^fl «^{BITCLK)* «>o1h #sl(BY 
TECLK)ol1 cflsM 2H11 m|-^ #5^ol<>|o]: vi^s}^^. £ 1 Si RD ^# "S"^^ ^^>^?] «<J-'^<Hl slsfcxl RD <^le^ 
1: ^-^HW nfl^oi] ^Al c^lolElS) 2«fl ««>^ S^o] -S-^£|j1. ^El*Vfe ^-f cliiHel 

El ^^S«^1 9X^^^, El-Olnj ^HVSl ^^171- ^l-ol ^Ol-^lfe ^-^l^Ol Si^. 

i^el-^^i ^ ^"^^ ^7lsl- -f'El)7l#sl ^^*l-7l ^sH 55j^S.Ai, 7l7>alH ^M^^^ ^o] ^ji 

# AlA-^oJi ^ o;^- RD <^e1 ^t- 'IJ-^^ ;*il^«Ffe s-aj 6.^ tbi^. 
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^^^€[7] ^eH, ^ ^"^31 ^Eflofl S\^^, Ol^o^ c-|lolEl<i^ CilolEl<iSl -l-o^ 711^* 

n^^o^ TOT.ONE SJr-a- -^S-^^s>fe TOT_ONE 7l^^<4, o]^$] cllo]El<g# <a^^o> ^^flsl c^IoIeII^ ^5^^s>^ 
ul-olE s-^^^oi] ^^slol 3B/4B alE<g4 5B/6B «lB<ial 'I'S] 7fl^» Til^it^H RD4_0NE 
5t4 RD6_0NE ik-i ^5^^5>^ RD.ONE ^l^-^fif, TOT_ONE 7l-^-^ ^ RD_ONE 7)^-^o]l ^^£)o1, TOT.ONE St 
4 RD4_0NE at* ol-8-Sl-<^ ol^s] RD Sttl PRE_RD St* -^^J*]-^ PRE_RD PRE_RD 7]^^, RD_ONE 

7l^^of| ^^£1<^, PRE_RD 5it, RD4_0NE St. ^ RD6_0NE St* <^l-8-«1-<^, cflolEj<iofl RD ollel7> Xife^l* ^# 
SVfe RD oil el RD oflel ^l^tb^f. 



^ ^^2] ^Eflofl olsj-ig, ol^o^ ci]clal<i2l T^l 7]\^^ TOT.ONE St* -^^^^^Vfe ^1 1 ^^]^, ^^fl 

s] cflolBl-i* AV-g-sM 3B/4B HlH<ij4 5B/6B hIH^S] 'I'S] 7fl^# Tfl^sl-o^ RD4_0NE St4 RD6_0NE St 
* ^] 2 ^^Ifif, TOT_ONE St^ RD4_0NE St* <^l-§-«>°i RD St"?] PRE_RD St* ^S^^^V^ 3 ^ 

7^1 fi]^, PRE_RD St. RD4_0NE St. ^ RD6_0NE St* ol-8-S><^, c)]olEl<f ofl rd o\]S-]7} Sife^l* ^t's]-^ ^1 4 ^7^] 



H>^2l^ ^Aloflofl SJolA^, ;q] 3 (3-A) TOT_ONE St-^l S^c^- *^S>o1 PRE_RD St* ^3-*^«>^ ^ 

(3-B) RD_ONE St^l 2^t^ ^^1* ^'gs]-^ PRE_RD St* ^^^a^Vfe lEt;^!* ^h]*]-^ ^<»1 hV^^IsFcI-. 

SEt!-. (3-A) ^TjlofJ^i, TOT.ONE St«>l S^cf a^, PRE.RD S^r-^S-^i 'l'* #^S>ji, TOT_ONE St^l Siicf 
^. PRE_RD St^^^i '0'* TOT_ONE St^l S^l^, (3-B) ^TflS. ^^s>ji, (3-B) ^5^1<H]7.i, RD4_0N 

E Sto] 2^T=]- H^, PRE_RD St^S^i, T* %^t}SL, RD4_0NE St«>l 2icf 2}-o.^_ PRE_RD StAS-^i, '0* #^ 
*1-J1, RD4_0NE Sto] 20]^. PRE_RD St^^^i, o]^^ PRE_RD St?l 'PREJfD(n-l)'* ^o] 



a.?!-, ^1 4 'a-^lfe, (4-A) 3 ^S^^^ PREJ^D St* ^^^^l-^ (4-B) iH)olEl<ao] RX_CD 

GR(n+l)3l 6 am'Sfil 'I'^l 7ll^ol RD6_0NE St* *^«>fe ^n^. (4-C) ^^flfil cflolEltoi RX_CDGR(n+l) 
21 4 alS^2l 'V^ 71)^^ RD4_0NE St* ^al«>^ ^^^^ s>fe ^alfVfe ^<*1 

21 «>^. 

<»ls>. ^■¥-€ S^* ^^^s] ^Alo)l» ^TgsV^ i:f*a!l. ^1:1-. 

SL2^ ^ ^^<H] i^-E- 10 olH 0]olEl<i<Hl o^^v RD o^]e^ 7]- ^3.35.011:1.. rd o]]z] ^J-:^U20 

)^ TOT_ONE 7]^-?-(21), w}olB l-^l-l-(22). RD_ONE 71^-^(23), PRE_RD 7l^-¥-(24), ^ RD <H)5l ^^'}^ 

(25)s. ^^^Eioi sa^f. 

TOT_ONE 7l^-?-(21)^RX_CDGR(n)[9:0]2) cflolEl'g* <a^«l-ol-ZL cijolEl^sl ^^1 'I'Sl 7fl^l- 7^1^^sH TO 
T_ONE St* ^^^tb^. TOT.ONE 7l^-^(21)ofl>H ^S-^^ TOT.ONE St-Sr PRE_RD 71^^(24)^ ^"i^^. 

at-K <5l^ cflolEl^af ^7l]2l cflolEl^^ ^^^51-7] RX_CDGR(n)[9:0]2l cflolEll* HfojE i-^l-l-(22)* 

^^'^]y^ RX_CDGR(n+l)[9:0]2l IQ ale c1]olEl<i* ^-^^SV^I RD_ONE 7l^^(23)S. ^^*1-J1, 10 ulS cJlolel 
If' 6 wlS<a RX_CDGR(n+l)[5:0]fe RD oflej ^A>.^(25)ofl ^^^c)-. 

zialJl, RD.ONE 7l^-^(23)feRD_CDGR(n+l)[9:0]2l iH1<»1e1^* ^l-g-^H 3B/4B HlH^g^l- 5B/6B »]M.<i^ '1 
'21 7fl^-l- :^1^5>oi RD4_0NE St^ RD6_ONE St* ^^-^^^cf. RD_ONE 7)^-^(23)011-^ RD4_0NE St-8r P 

RE_RD 7l^-?-(24)2l- RD «^]e1 ^^}^(25)<^ •a^sl:a, RD6_0NE St-S: RD of) s-j ^^}W5)'^ <a^€cl-. 

PRE_RD 71^^(24)^ TOT.ONE St^ RD4_0NE St* ^>**><^ £. 42l- PRE_RD ^l-il-^)-^* t=^S1-«»1 

PRE_RD St* ;^l^a1-<^ ol» RD oflel ^^>-^(25)<»11 ^"i^^. 
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RD oflel ^A>^(25)fe RX_CDGR(n+l)[5:0]2l cilo]E^<giq- PRE_RD at4 RD4_0NE RD6_0NE ^> 
-g-Sj-c^ ^^t!- IE. 5 S) RD <H1 51 ^T^^sH RDERR t-^^cf. <^7]a1, rd ^i^9l ^-f'^flfe RDERR 

SJrl- TS. RD oflel ^><'>-¥-(25)ofl^i RD» ^j-tl-el-^ f}-^ o.^. •!'$] HlS^S)- 'O'S] hI:^^* hISSH 

<^7l-H, RX-CDGR(n)[9:0] tflolejlsl Hl^ ^A^fe [j h g f i e d c b a]# 7l-xln^, RD6_0NEl- ;^l'!+*>7] 
RX_CDGR(n + l)[5:0] ="[i" e d c b a] 6 hIS'S* "^l-g-^M ;N)^sl-Jl, RD4_0NE^ ^^l^il-sW ^«fl RX_CDGR(n+ 
1)[9:0] ="[j" h g f] 4 am<a^ <^l-8-«H ^1"^ ^l^ttcf. 

£ 3 ^ ^ ^^<^^isl 8B/10B RD ^#5>7l ^>-g-€ c)l o] E-i 1 oi) cflsj-o^ o]^ c11o1e1<1 

^ RX_CDGR(n)2l- ^7]]^ c11olEl<iol RX_CDGR(n+l)s] Efolnjo^ ^7^)=. ^Jojcf. o^Js^i, 7l7>alE o] 



£. 4 £ 2 21 PRE_RD 7]'s-^{21)o\]^^ RX_CDGR(n)2) iHlolE]<a4 <^l-§-sH PRE_RD* * 
*>S.S. ^ojcl-. PRE_RD ol^ SH. Zll-Sl RD 21:^ Slnlsj-u^, PRE_RD 7l^.^(21)fe ^o]^ 

S.^^ RX_CDGR(n)[9:0]* Af-g-^l-ji o]^ :j_^o] <i' a]_e 7ij^o] i^i- 71-;=^1j1 ifl^ ^J: T0T_0NE^4 
RD4_0NE* ol-8-«M ^1^* ^^t!-'^. £ 4oll>^i, i:='^lEl ^-fCl'Sl alE^> '0'^ ^>-> a)E 

l^fl^i 'I'fil HlS^7l- -O'sl Slnj^cf. i^l7l-El «.o] Ci'sl h]e^< 'o'fil '1 

•31 His^fii- ^-atb ^^1- K^m^. 



ols>. £ 4* %2:S>ol PRE_RD«- ;^1^3V7l -M'l 

'a-^l(41)oflAi, 10 H1S21 RX_CDGR(n)[9:0]<Hl>H 'I'Sl 7fl^l- >iflcH TOT.ONESI:* TOT_ONE 
Sbo] 5ricf TSl tilS.^7} •0'5l wlS^^nf ^^), til7>El ja ols.^, PRE_RD ?}:.2.5.x-l '0'* %%t}jL, 

«>c)lS. TOT_ONE 5J:ol 6.^.1:^- a^Cl'Sl HlH^7l- •O^ol ulE^:a.cl- g^), i^lEl u.o]d^ PRE_RD •!• 
^ #^^Vcl-. 

TOT.ONE ^ol 5?] ^-f T^l HlS^7l- •Q^fil ulE^al- ^<U^ 7^0.^0]]^ <i's^ 'q-o] iH1o]e1^o17] nfl^- 

ofl ^-^1 PRD_RD-1- 7^]^^ SiJl, olEl^ ^-f -^Ife 3B/4B RD4_0NE ik<^] PRE_RD ^^l ^^^'^<=>\ «>S. 



^;^](42)ol|^i, RD4_0NE tk<^] i--ll7>E) ja ?] :^-^(RD4_0NE St^l 2acl- PRE_RD 5t^S.>«.i 'O'^ %^ 

^■Sl, RD4_0NE ^o] i^jHl ;g^(RD4_0NE i^r^l ^-?-)<^^ PRE_RD 51:-^S.a1 'i'^ W^^^. SE 

RD4_0NE Slrcl ^^t!" ^^('1'^ "O'Sl h1e=^7> ■g-'g^ ^-f )<H]fe PRE.RD ^-S: PRE.RD SJ:(PRE_RD 

(n-l)^)i!l- ^n] PRE_RD5it# 2l-^^<H]^i 5B/6B 91 RD6_0NE ^^sf^l ^<^}SL o]^ 

RD Zk-Sr 3B/4B <>fl ^«l|^l7l tfl^oli^.. 



£ 5 ^ £ 2 ^ RD oflBi ^-^l-^(22)oflA^ RD ofls^^ ^#^1-^ ^ms. ^^It^. 5- 5 ^l 

^>S.'>)lAl^ zl-zl-sl 2:?i§-(51-59)<H] ttfel- ^^7> ^^jslnl, RD <H1b1 ^^fe •E'(Error='"r)" £fe 'N'CN 

o error="'0')o1" ^cf. ^^^o] 'E' ^l^. RD «>>l5l» 21d1s].jz. 'N'o]^. RD o11el7> of'^^- ^nltf-nl-. 

RD -Hle^ ^^-a- ol^^ RD 21:^1 PRE.RD ljl:<>11 ttl-el- ^^o] 'a-el-;^!^!, 7l^ ^^^^ <>]^s] rd it^l •jt^^lEl ^.•o].g, 

^^flSl aiE-l^ 'l-il7>El «.'ol7-ll4 •f-<a'ololo> wtcfl^ ol^o^ RD ^ol 'M|7l-El a.'olig, ^;!flSl SS<g^ '^L^lEl 

a.'ol7lT4 •^^•ol'Ho^^l-Dl, olnfl ^H>=. RD St^r ^fe S^lo] ^aIsIjx o^cfji ^cf^cf. 017]^^, 'i^lEla.'.q- -til 
71-El •^<g'ol Jgo^- ;£ 40)1x1 ;^oi^v ^21- ^^«l-cl-. 
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olsK £ 5» %S*H RD «1lBl^>^>-¥-(22)o11^i2l RD <^e1 ^# 2}.;^ofl cfl^j-c^ ^"g^^cl-. 

^i-:^l(51)oD^1. S. 4^1^-1 PRE_RD ^^l 'O'?]^!!- ^^j*}-!^. PRE.RD St^l 'O'c-l^, ^n](52)S. ^^^H 
, RX_CDGR(n+l)[5:0] ^1 'V$] 7ll^# slnls}^ RD6_0NE 51:^ ^tb^t. ^:^l(52)'^l^i, RD6_0NE ^i^l •Lil7>El a. 

RD6_0NE Stol 3a. 3)-o.^) pre_RD ^]7}^B]^o]Jl v}^ c^-^g-o)) ^-tl^lfe cDojEl^fil RD i ^]7} 
^^c,]B.S., RD -HlBlS. ^^sM "E'l- 

«>cfl5., RD6_0NE ?]tol •5.;^lE)«.'ol^(^, RD6_0NE ^o] 31^14 h^^), ^^fl^^W^ RD o\]5-^7} <^>Ms.S, ^7)1(57 
)5. ^^«1-<>1, M-ol^l RX_CDGR(n+l)[9:6] 'I'S^ jfl^* »4B}-ifl^ RD4_0NE ^^^flo]: ^Vcf. ^7il(57)oil 

'"■i, RD4_0NE'^o1 'i^lE^«.'o]^, RD ^^^sH '£'♦ RD4_0NE iko] •^7}^^'o]?]i^ '-f-^'o]^ 

S7jl(52)<Hl^i, RD6_0NE RD6_0NE ik<=>] 3<^]^), ^7i)(54)^ ^^sH RX_CDGR(n+l)[5:0] 

o] " 111000" ^^^cf. ^m54)<^^^. RX_CDGR(n+l) [5:0] o] •• moOO" <^1^, RD <^b]S. ^^«H ' 

E'* :3L^y^l ^;«fl^7Mfe RD oflei7l- o>qs.^, ^m56)^S. ^^^cf. 

^:!NK56)ofl'«-i, 3B/4B ^ RX_CDGR(n+l)[9:6] iHlolHl"a2l '1'^ 7fl==^^ RD4_0NE ik-ir ^:^l(56)oJl^i, 
RD4_0NE 'i-il7>El H.'olig(2:, RD4_0NE S1:<^1 2a.cf ^J-o.^), PRE.RD £ 'i-fl7l-E] a.'o] ^^flsl RD ^S. 'i-fl 
71-E] ti.'7l- s)°s. RD ofle^S. ^^Js>ol, -E'l- ♦^t!-t:f. RD4_0NE tk^] '^'&'o]^(^, RD4_0NE 



^7}l(51)<HlAi, PRE_RD '1'<^1^, ^}:7j](53).^S ^«8*l-<^ RD6_0NE ^;Nl(53)<Hl^i, RD6_0NE 

Sto) 'S.^]^&'o]^(^. RD6_ONE 3i^t\- 3.^), c,]:^3] rd ik^] 'S.:^]t£]M.'o]3L ^7^S\ RD SJrJt '5.:^lEl «.'ols. 

RD «flBl^ *^^5H, 'E'l- t-^^cf. ^tfls., RD6_0NE 'i-il7>E|:M.'ol'g(^, RD6_0NE ik<^] 3M.^ ^J-o.^) 
. ^^^fl^'W^ RD ofl&|7l- o>i^ o.^, ^;m(58)S. ^19sH 3B/4B e)1o1e]^o) 'I'S] 7l)^# M-EfMife RD4_0NE ik-ir ^ 



^7jl(58)<^l^i, RD4_0NE tk^] '^^]7}^^'o]^m, RD4_0NE ^o] 2S.^ ^^^), RD <^]^'\S. 'E'* #^S> 

jZ, ^.5.^, ^, RD4_0NE SJl©! 'i^^lE) H.'ol7li4 '■g-^'ol^(RD4_0NE St^l 2.e.cl- H^IM- •S-'y«>^), ^h>€- 

BE.^, 'c!-;^l(53)»fl'H, RD6_0NE '^"^'ol^C^, RD6_0NE ^f>] 30]^), ^:^K55)^ ^:^l(55)'>l]'«-i. 
RX_CDGR(n + l)[5:0] cflolel^ol - 000111" 91^]^ ^^j^H, RX_CDGR(n+l) [5:0] cflolE]<iol ■• OOOIII" <:>1^ 
, RD oflB]^ 'E'* #^s>al, ZL^:^] ^;^](59)S ^^sM RD4_0NE ^^tJ-^l-. 

^7^1(59)o1]Ai, RD4_0NE ik^] RD4_0NE SJro] 3.^), 0]^$] RD ^Z. 'i^lE] ^.-o] ^^fl 

^ RD SlrS 'i^lE]u.'o]a.^ RD ^^^sl-o^ 'E'l- ^^Sj-ji, RD4_0NE ^o] '^<U'o]7]iJ\- 't)l7>E| «.'<>) ^(^, 

RD4_0NE 5](:<:'l 2o]7]M- rd o{le]7> ^^S. ^^^-o^ 'N'* 

flofl^i <Sst!- ^^1^1<H1 e7]sl-o^ o] ^tg^ -g^^l-^^l^V ojel*!- ^Ajo,!^ o] ^.^^ ^o] ^l-Me^- 'il^lsV 
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o]^^ ^o] ^ ^^<^ fil*>^, ■f'eflsl nJ-^oflA-l 5B/6B cl>i3^2lEl# 3B/4B cliSflelEll- ^^>^^S. 

7] «1S ^ «>o]E cjo^o^ ^^o] :gA5l-^'a ^<H1 ^m<^, ^ ^'^-8: 8B/10B 01 <>1 ^1 <S -^i 3}^^ 

RD oflei* ^#1- ^ sa^ sac]-. 



(57) ^^s] 
^^Ih 1. 

ol^s] cflolEl-i^ <a^^<=>> cflolEltsl 'V^ 7fl^# J^-a-^H TOT.ONE >«^J*>fe TOT_ONE 7]^^si^, 

^7] v}o]^ s.^^^ofl ^#5lc>| 3B/4B «lS^2l- 5B/6B "I'Sl 7l]^l- ;^]^S>o^ RD4_0NE Sit^l- RD6_0NE 

S)t* RD_ONE 71^-^ S}-, 

^1-71 TOT.ONE 71^-^ ^ RD.ONE 7l^^<Hl ^#£|o1, ^7] TOT_ONE Zk^ RD4_0NE St* «>l-8-*><^ ol^o^ rD 
PRE_RD S:* ^^'^^sV^ PRE_RD 7)^-f-fil-, 

^7] PRE_RD 7l^Y ^ RD_ONE 7l^-f-o1| ^^£1<H, ^7] PRE_RD ^. RD4_0NE St ^ RD6_0NE U:^ ol-g-«]-<^ 
cilolEi*aoi| RD oflEi7l- ^#sVfe RD <^&| ^A>^» ^al«Vfe ^^^5. s>fe RD oil el ^# ^^^]. 

ol^S) ci]o]El<i3l TSl 7ll^» TOT.ONE St^ ^5^^s>fe 1 

c|lo]El<a^ '«->-8-«l-<^ 3B/4B als^jq. 55/66 H)S^2l '1'$] 7ll^» RD4_0NE Sts)- RD6_0NE 

^1 2 ^7115+. 

'S-^l TOT_ONE St^l- ^7] RD4_0NE St* ol-g-*><»1 ^l^al RD Sit?! PRE_RD S)t* '^'^^^V^ ^1 3 ^a-^qlS)-, 

^7l PRE_RD ^, RD4_0NE U ^ RD6_0NE <^l-§-3^)-c«^, 01o]El<a<»l] RD '>\]s^7\ Slfe^l* ^^^^ ^1 4 
^«1«>^ ^^-^S RD oflai 

3. 

(3-A) ^^-71 TOT.ONE St^l 5^«^ ^^)* PRE_RD St* ^^^^ ^n^. 

(3-B) ^7] RD_ONE St^l 2a.i^ ^x^)* ^Jg^H PRE_RD St* ^^J^Vfe ^* ^^^^ RD 

<H1E-1 HJ-^. 

^1 3 ^J^'^l ^71 (3-A) ^;^Hl^i, 
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TOT.ONE Zk°] 5M.^ 5L^, PRE_RD St^S-^i T* 
^7] TOT_ONE Sjto] 5a.tt PREJEID '0'* 

^7) TOT_ONE So]^, ^7] (3- B) ^^^SL, 

■^7] (3-B) 

^7] RD4_0NE Slro] 2a.t:f a^, PRE_RD -t-^sVji, 
^7] RD4_0NE Sto] 2^14 4-^^, PRE_RD '0'^ #^«V:a, 

^7l RD4_0NE SI:<>1 2<>1^, PRE_RD <»1^^ PRE_RD S:?! 'PRE_RD(n-l)'-i- -t^*]-^ ^* ^^-^^ «!■ 
RD oflel 'S-^. 

^1 2 Si<H^i, ^7) y^] 4 

(4-A) 'S-71 ^] 3 ^TJloflAi .^71 PRE_RD ia-;^lsf, 

(4-B) ^^'H^ cllo]El<aoi RX_CDGR(n+l)sl 6 'I'S) 7l]=^ol RD6_0NE SJt* ^^js)-^ 

(4-C) iHlolEl<ioi RX_CDGR(n + l)s1 4 HlS-gsl 'I'S^ 7ll^°I RD4_0NE ik-%r %^^}^ ^;^]* ^HjsVte ^ 

* ^^1^^ t}^ ^a)«V^ ^^i^S s>fe RD -^flBl •y-'^. 
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